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been found for pre-gastrula embryos, the beta4 gain and loss-of-
function phenotypes suggest potentially novel roles for the beta4
subunit that may involve the cytoskeleton.
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Many experiments have demonstrated that patterning
information in the sea urchin embryo is distributed throughout
the ectoderm. These spatial cues are passed onto the mesoderm
to correctly pattern the bilaterally symmetric larval skeleton.
Previous data have shown that exposure to metals (such as nickel
and zinc) can disrupt patterning information within the
ectoderm, presumably due to their ability to interfere with
calcium transport, resulting in mispatterned embryos with
radialized skeletons. To test the hypothesis that the proper
distribution of skeletal patterning information within the sea
urchin ectoderm is dependent on calcium signaling, we treated
embryos with an inhibitor of IP3-mediated calcium release,
Xestospongin C. Our data show that Xestospongin C exposure
disrupts ectodermal patterning, producing embryos with radially
symmetric skeletons. Normal skeletal patterning in radialized
embryos can be rescued by treatment with the calcium ionophore
ionomycin. More intriguingly, radialized embryos can also be
rescued by surgical bisection along the animal–vegetal axis at
the mesenchyme blastula stage, followed by recovery in the
presence of calcium. However, simply removing calcium from
the environment during recovery was sufficient to block the
rescue of skeletal patterning in bisected radialized embryos.
These results suggest that it is not the wound healing process
itself, but rather the presence of calcium, which is responsible for
the rescue of patterning. Together, these data reveal a critical role
for calcium signaling, not directly for skeletogenesis but rather
for the distribution of skeletal patterning information throughout
the sea urchin ectoderm.
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Across a range of species much of embryonic development is
dependent upon signals that act at a distance from their source.
Many of these signals are thought to be morphogens, secreted
molecules that form concentration gradients across tissues. At a
given position in the gradient, the cellular response depends
upon the morphogen concentration at that given position. In
vertebrates such as the frog Xenopus laevis, much work on
morphogens has focused on how members of the TGF-b
superfamily, including Activin and Xnr1, 2, 4, 5 and 6, can act
as morphogens in mesoderm induction. In such early embryonic
tissue, these ligands have been shown to induce mesodermal
response genes in a concentration-dependent manner. In order
to study the progression of TGF-b morphogens we took
advantage of a recently published technique called “bimolecular
fluorescence complementation”, BiFC, which was designed to
analyse protein interaction in vivo. This technique was adapted
in our lab to the frog system to enable the observation of Smad-
signalling pathway activation as a direct response to Activin like
ligand binding. We were able to visualize in real time the
expected long-range activation of the Smad pathway in
response to Activin and Xnr1 but not for Xnr2 signalling. At
present we are investigating the role of several possible players
in TGF-b morphogen progression and signalling. The quantity
of ligand–receptor bindings as well as endocytosis seems to be
important for the morphogen signalling range.
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Somites arise as the result of a complex process that takes
place in the early vertebrate embryo: a seemingly uniform field
of cells is organised into discrete blocks via a mechanism
which is tightly regulated both in space and time. Various
experimental results have shown the existence of a wavefront
of gene signalling along the vertebrate embryo, which, coupled
with a segmentation clock, is able to gate cells through to the
final stages of somitogenesis. We use a signalling based
approach, with cues from the wavefront and the segmentation
clock, to mathematically model somite formation. Our model
produces a somite pre-pattern that is tightly controlled both
spatially and temporally. Moreover, it is capable of reproducing
the results observed in vivo when progression of the wavefront
is disturbed by local FGF8 application. We are also able to use
the model to make predictions about the somites arising with
other types of perturbation, such as down-regulation of FGF
signalling.
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